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Introduction

Emissionsof polych orinated dibenzodioxins and dibenzofurans (PCDDs/Fs) from
“backyard, barrel burning” of domestic waste hav e been shown to have significant, yet highly
variable levels."® PCDD/F toxic equivalency values (TEQs) ranged across 3 orders of magnitude,
from less than 10 to over 6000 ng TEQ/kg, bracketing the 140 ng TEQ/kg used in the EPA source
inventory document.® The national emissions from backyard barrel burn sources were estimated to
be greater than 1,000 g TEQ/y although the uncertainty inthis estimate was too great for it to be
included in the EPA s quantitative inventory of PCDD s/Fs.* These results suggest that backyard
burning of domestic waste could be a major source of PCDD/F emissionsin the U.S.

Extrapolation to global waste combustion practicesis difficult, but emissions from these sources to
the worldwide PCD D/F balance may be significant.

To reduce the uncertainty associated with estimating emissions from this source, a better
understanding of the causal factorscontrolling barrel burn emissionsis needed. Through variation
of waste composition whilemonitoring burn parameters, the initial Sudiesrelated the potertial for
emissions primarily to combustion parameters (e.g., temperature) and concentrations of various
gas-phase species (e.g., carbon monoxide, CO).* These species may be affected by changesin
waste composition, waste orientation, and/or combustion conditions. To develop a better
understanding of what factors affect emissions, additional tests were conducted varying burn
practices and composition factors.

Experimental

Studies were performed at the EPA’s Open Burning Test Facility to further define the
impact of variation in combustion practices and waste composition on PCDD/F emissionsfrom a
simulated domestic, backyard barrel burn. A composition representative of domestic household
waste (6.8 kg) was prepared (see Refs. 2,3) which consisted of actual unshredded house waste.
Variations to the baseline tests included both changes in charge size [6.8 kg (“ Baseline” ) and 13.9
kg (“Double”)], waste moisture levels (“W et”), waste compression (“Compress”), and w aste
composition [0.07 wt. % added copper (Cu) in Baselinevs. 2.0 % Cu (“High Cu”)]. Previous



tests® used three different levels (0.0, 1.0, and 7.5 wt. %) of polyvinyl chloride (PVC) to vary the
baseline compostion (0.2 % PV C), 7 wt. % inorganic chlorine (Cl) as cdcium chloride (CaCl,), a
compressed waste burn, a wet test, and a high Cu test. This paper reports on the combined
previous and current tests.

To simulate common practice for resdential waste burning, the test container consisted of
a208 L (55 gal.), steel, precleaned barrel with 24 2 cm diameter ventilation holes around the base.
High volume air handlers provided metered dilution air into the enclosed burn hut, resulting in 2.5
volume changes per minute. Additional fans were set up inside the burn hutto enhancecirculation
within the hut. Type K thermocouples were inserted at prescribed heights and radial |ocations
from the bottom to the top of the waste-filled barrel, labeled TC1 to TC6, respectively, for data
collection throughout each run. Continuous emission monitors (CEMs) sampled for common
gases, while PCDD/F sampling was completed via ambient sampling methods. Samples were
collected over the cour se of the active burn, and sam pling was terminated when the burn mass did
not change over several minutes. When analyzing and reporting the results, all non-detects (ND s)
and peaks that did not meet ion ratio criteria were set to equal zero. Emissionswere reported as
nanograms TEQ per kilogram of waste burned. TEQ values were calculated using I nternational
Toxic Equivalency Factor (I-TEF) values in Barnes (Ref. 5). Further experimental, sampling, and
analytical detailsare available elsewhere?®
Results and Discussion

The composite, 24-barrel tests resulted in PCDD/F total emissions (“T otals,” tetra- to
octa-CDD/F) ranging from 306 to 425,247 ng/kg burned. International TEQ (I-TEQ) values
ranged from 1.7 to 6,433 ng I-TEQ/kg burned. T he High Cu condition had the largest relative
range of data, with values of 18 to 2,594 ng TEQ/kg. When grouped by similar run conditions,
Fig. 1 shows considerable variability in the normally distributed log(TEQ) means and the 95%
confidence intervals. The TEQ and PCDD/F totals areincluded in Table 1.
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Figure 1. PCDD/F log(TEQ) values by run condition. The center line across each diamond
represents the group mean. The height of each diamond represents the 95% confidence interval
for each group.

Seven B aseline tests (five reported in Ref. 3) had emissions from 9 to 141 ng TEQ/kg, a
range of over an order of magnitude. The mean and median emissions were 71 and 59 ng TE Q/kg,
respectively. The large variation in baseline emissions, despite careful attention to standardized
composition and procedures suggeststhat random factors, such as waste orientation, may have a
significant impact on PCDD /F emissions. One open burn (waste pile) test (“Open”) with the
baseline waste composition resulted in emissions of 59 ng TE Q/kg (not shown on Fig. 1). This
suggests that open burning may produce less PCDDs/Fs than containerized barrel burning, but this
possibility remains to be verified by replicate testssince the open burn value was within the
variability of the barrel burn results.

Table 1. PCDD /F Means and Standard D eviations by Run Type (N = no. of runs, SD = std. dev.,
NA = not applicable).

Run Type N TEQ SD Total SD
(ng/kg) | (ng’kg) | (ng/kg) | (ng/kg)
0% PVC 2 14 | 18 1549 1758
1%PVC 2 201 | 43 11518 817
7.5% PVC 2 4916 | 2146 336642 125306
Baseline 7 71 | 59 5800 5270
7 % CaCl, 2 734 | 216 67471 17082
Compress 2 177 | 238 14388 19555
Double 3 167 | 114 9822 7887
High Cu 2 1306 | 1821 126982 177560
Wet 2 597 | 506 35196 23359
Open 1 59 | NA 4760 NA

Comparison of runs (N=14) in which burn condition factors (Double, Compress, W et,
Baseline) were changed, but the composition was held constant, resulted in PCCD/F emissions
that ranged from 9 to 995 ng TEQ/kg. Table 1 shows the means and standard deviations for these
runs. Excluding the one high TEQ (and Total) value for Wet, analysis of variance testing on the
mean TEQs and Totals for these factors shows no statistically significant differences, likely due to
the limited number of runs and the wide variability in emissions. To determine whether this
variability could be accounted for by combustion characterigics, the normally distributed
log(TEQ) data were modeled by choosing among waste chlorine concentration [Cl]; continuously
measured parameters of average and maximum thermocouple temperatures(TC1 to TC6); sampled
hydrogen chloride (HCI) and Cu (particle bound) emissons average CEM values including CO,
carbon dioxide (CO,), and oxygen (O,); the time (MAXTIME) and mass loss rate (MAXBURN)
when the waste is at maximum burn rate; and the duration (in minutes) that in-barrel thermocouple
temperatures werewithin the common formation window temperature [TS2 = 250 to 450 °C



(excluding TC1 and TC2) and TS3 = 300 to 400°C]. An optimal model (R? = 0.83) for log(TEQ)
of these 14 baseline composition runs consisted of three, significant (a < 0.06), linear predictors:
log([HCI]), MAXBURN, and log([Cu]). Selection of these predictors suggests that emissions and
burn rate parameters provided the best predictive capability of TEQ emissions.

Comparison of 15 runsin which only CI levels were changed [PV C (60 wt % ClI),
Baseline (0.2wt % CI), CaCl, (64 wt % CI)] shows significant (a = 0.05) differences in log(TEQ)
values between the 7.5 % PV C runsand all other runs, except for CaCl,. Distinctionsin these runs
are clearly related to level of ClI content of the waste: log(TEQ) can be modeled with log(Cl) alone
(R*=0.74, Q?=0.64). Thisis not surprising since [Cl] was varied over a wide an
unrepresentative range. Even with a more rigorousstatigtical algorithm, no diginctionis observed
in log(TEQ) for inorganic (7% CI in CaCl,) versus organic (7.0 % Cl in PVC) CI sources. These
15 runs were well modeled for log(TEQ) (R? = 0.90, Q* = 0.80) by log([CI]), TC6M AX, and CO.
Selection of these parameters indicates the importance of emissions and temperature trends in
predicting PCDD/F emissions, supporting earlier results®. Comparison of log(Total) means
suggests significant differences for 7.5% PV C versus dl conditions (1.0 % PVC, Baseline and 0
% PV C) except for CaCl,. A model of log(Total)for thisgroup resultsin a single predictor model
(R*=0.76, Q? = 0.68) using log([CI).

The tetra-CDD homologue dominated the PCDD ng/kg values (tetra- to octa-chlorinated)
with few exceptions. The 2,3,7,8,-TeCDD isomer dominated the PCDD |-TEQ value. The tetra-
CDF homologue dominated the PCDF ng/kg values (tetra- to octa-chlorinated) without exception.
The isomer 2,3,4,7,8-PeCDF contributed approximately 50% of the PCDF |-TEQ value. The
PCDF/PCDD ratio isalways > 1. Only one run (0 % PVC) resulted in TEQ values where
inclusion of NDs and estimated maximum potential concentration (EMPC) values had any
substantial (< 10 %) effect, likely due to thisrun’slow PCDD/F emissions. In all other runs, the
TEQ compounds were unambiguously detected.

The results indicate that a high degree of PCDD/F emission variation can be expected
due to factorsnot wholly related to waste composition or burning practice. Random factors, such
as wasteorientaion, likely play a dgnificant role in affecting combustion conditions (as observed,
for example, by thermocouple variations) and, hence, emissions. Statistical modeling of the results
offers support for thispossibility, through slection of temperature-related predictors. The lower
emissions from the Open burn, as compared to the same-composition Baseline runs, underscore
the role of burning practice and/or w aste orientation effects. W hile the wide variation in PCDD/F
emissions and limited number of runs preclude unambiguous determinations of differences due to
composition and burn condition factors, several trends seem apparent. PCDD/F emissions
increase with higher amounts of Cl, whether organic or inorganic, and higher amounts of Cu
catalyst. Test runs at alternative burn conditions(Compress, Wet, Double) resulted in higher mean
PCDD/F emissions (293 ng TEQ/kg) and a 6-foldincrease in the standard deviation of the TEQ
value (316 ng TEQ/kg) from that of the Baseline runs. These results suggest widely variant
PCD D/F emissions from uncontrolled domestic waste burning. These emissions are partially
dependent on practice- and composition-related factors as well asrandom waste orientation.
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